I. INTRODUCTION
In a previous paper 1 (henceforth referred as "I"), a general expression for the relativistic ponderomotive Hamiltonian of two interacting electromagnetic waves was derived. It was found that relativistic effects introduce new terms in the expression for the ponderomotive Hamiltonian similar to those found earlier 2 in the case of a single electromagnetic wave. The derivation in "I" was as general as possible. It was allowed for arbitrary kp, E"/E if w/fl, k ± /k B . v/c < 1, polarization, and for slowly growing and spatially modulated waves. It was necessary to use Hamiltonian theory in order to account for all that and to introduce nonuniformities in the background fields in a systematic way. The calculation was an application of relativistic guiding center theory 2 modified by the averaging over the two interacting electromagnetic waves.
The theory developed in "I" is suitable for free-electron lasers 3 with a guiding magnetic field in which the gyrpperiod is comparable to the period of the signal wave and to the time it takes for the electron beam to travel one wavelength of the wiggler [a ~ <o ~ k U ]. This is the FEL operating regime w » which gives maximum efficiency. 1 * The guiding center theory of the nonlinear response of a relativistic particle beam in a guide magnetic field to the signal wave and the wiggler field has not been adequately treated in its generality. In this work, we reduce the general relativistic ponderomotive
Hamiltonian expression obtained in "I" to free-electron lasers and derive the equations of motion. In Sec. II, we present a summary of the essential results derived in "I". Because the formulas presented here are so general we can reduce them to arbitrary signal wave polarization and any wiggler field geometry including guide field nonuniformities. Hence, in Sec. Ill, as an illustrative application of our theory, we obtain the guiding center relativistic ponderomotive Hamiltonian for free-electron lasers by considering:
(i) the axial guide quasistatic magnetic field to be tapered 6 along its direction of propagation;
(ii) the realizable 7 wiggler field to be tapered 8 both in period and amplitude;
(iii) the signal electromagnetic wave to be a growing modulated wave of arbitrary geometry propagating in the direction of the static guide field. 9 In Sec. IV., we derive the guiding center free-electron laser equations of motion for the Hamiltonian derived in Sec. III. including the guiding center perpendicular drifts and beam quasistatic self-fields. A conclusion is presented in Sec. V.
II. RELATIVISTIC PONDEROMOTIVE HAMILTONIAN OF TWO INTERACTING WAVES
As derived in "I", the two electromagnetic waves are represented by their scalar and vector potentials * and A in an arbitrary gauge. They are assumed to have the form 
and
The relativistic particle Hamiltonian is given by
where we allow the unperturbed fields, as given by <j ) Q and A Q , to be slow functions of position and time. Physically, this means that the scale length of the spatial inhomogeneities in $ Q and A Q (or E fl and B Q ) are smaller than the gyroradius, which is the standard approximation in guiding center theory and true in free-electron lasers. In addition, it means that we allow <j > n and A n to change appreciably on a drift time scale.
Because we are interested in the ponderomotive Hamiltonian, which is a second order effect, we expand (3) up to second order in the waves amplitudes. The result is where H = H 0 + H 1 + H 2 ,
H ie * -Y^ % " 4. Finally, e is the gyroaveraged gyrophase whose time-derivative to lowest order is the local relativistic gyrofrequency. The new guiding center variables are defined by 2 mcu n X = x -e eB n ia + 0(e 2 )., (5a) 
mc ^30 3y 3y 30 J * ' This formula will be useful in deriving the equations of motion from the guiding center Hamiltonian.
In terms of the guiding center variables (5), the unperturbed Hamiltonian At this point we subject the Hamiltonian H = H Q + Hj + H 2 to an averaging transformation to eliminate gyration and fast oscillations contained in Hj but keeping the beating terms expl^. -i |> 2 ). This canonical transformation is effected by using Lie transforms which leads to the following 0-independent Hamiltonian
where Kg = Hg as given by Eq. 
fiw(jf.t)
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As indicated by Eq. (17), we split the ponderomotive Hamiltonian in two parts. The first part id is given by Eq. (14) and its reduction for free electron lasers is straightforward by identifying, say, A^ = A g and A^ = A w .
Then for the signal and wiggler fields, as given by Eqs. (19) and (21), J n (Ak,p) = 1 and we obtain
where r is given by Eq. (11) and k! = k + nk . We observe that the fields w"
amplitudes IÄ I and |A I depend on (X,t). 
To evaluate ic| , we need the absolute values of Eqs. (23c) and (23d) . 
where X» and similar expression for * .
